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<g) Process for the manufacture of filaments from aromatic polyamldes. 



© Manufacture of filaments of aromatic polyamides hav- 
ing the carbonamide groups in the p-position, e.g. poly-p- 
phenylene terephthalamide. A spinning mass comprising a 
mixture of concentrated sulphuric acid and at least 16%, 
based oh the weight of the mixture, of the aromatic poly- 
amide having an inherent viscosity of at least 3.5 is spun 
downwardly into a coagulating bath (2) by means of a spin- 
neret head (4), the exit side of which being positioned in a 
gaseous, inert medium, e.g., air and at a short distance, 
e.g., 2.5-25 mm above the bath level. The resulting fila- 
ments are removed from the bath and subjected to further 
treatments). Formation of funnel shaped-depressions in 
the coagulation bath is reduced, particularly at increased 
filament speeds, by dividing the bundle which contains at 
least 100 filaments into two or more separate and distant 
groups (12) which are passed Into the bath. The bundle may 
be removed from the bath through a hole positioned below 
the bath level, said hole being provided with individual pas- 
CD sageways for the groups. The dimensions of said pas- 
sageways may be adjusted from a larger opening during 
^-^ threading-up to a smaller opening at the end of the thread- 
W ing-up procedure without interrupting the spinning process. 
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Process for the manufacture of filaments from aromatic polyamides 



The invention relates to a process for the manufacture of fila- 
ments wholly or substantially consisting of aromatic para-po- 
sitioned polyamides, such as poly-paraphenyiene terephthalamide, 
polyparabenzamide or poly-4 ,4 • -diaminobenzanilide terephthalamide 
(4,4*-DABT), by spinning a spinning mass consisting of a mixture 
of concentrated sulphuric acid and, calculated on the weight of 
the mixture, 15 to 30% of the polymer with an inherent viscosity 
of 3,5 to 7 or higher, the spinning mass being extruded downwardly 
into a coagulation bath from a spinning unit provided with spin- 
ning orifices, of which spinning unit the outflow side is 
positioned in a gaseous, inert medium, preferably air, and at a 
short vertical distance, of, say, 2,5 to 25 mm, from the liquid 
surface of the coagulation bath, and the filaments are withdrawn 
from the coagulation bath followed by subjecting them to a few 
aftertreatments, such as washing, drying and/or winding. Poly-para 
phenylene terephthalamide will be referred to hereinafter as ppdt. 

A process of the type indicated above is disclosed, among other 
places, in US 4 078 034 and US 4 340 559. Both said well-known 
process and the process according to the invention relate in part 
to the manufacture of ppdt filament yarns and/or fibres with a 
relatively high tensile strength and a high modulus of elas- 
ticity.' After having been commercially available for several years 
these yarns increasingly find application in various high-grade 
products on which high demands are made as far as physical pro- 
perties and other qualities are concerned. 

As examples of high-grade products may be mentioned reinforcing 
cords for vehicle tyres, conveyor belts, cables, ropes, etc. on 
economical grounds it is desirable that the highest possible pro- 
duction capacity should be attained. To increase the speed of pro- 
duction of aramid yarn it has in the first place been proposed 
that the winding speed be increased, i.e. the speed at which the 
completed yarns are wound into the form of a package. However, as 
mentioned before in US 4 340 559, an increase in winding speed as 
such is attended with deterioration of the physical properties and 
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the quality of the yarn, particularly when yarnscomposed of a 
large number oif filaments are to be produced. These drawbacks to 
increasing the speed are due to the PPDT process being fairly cri- 
tical, in particular as regards the relatively small width of ge- 
5 nerally 2,5 to 25 mm of the air gap between the underside of the 

spinneret and the spinning bath level and the use of a relatively 
shallow coagulation bath, which generally has a depth of 15 to 
40 mm# Consequently, at higher spinning speeds and corresponding 
higher winding speeds the residence time of the freshly spun fila- 
10 mentis in the air gap and in the bath will become very short. 

Another cause of said problems is that in. the well-known spinning 
processes for PPDT a fairly deep funnel-shaped depression is 
formed at the point where the bundle of, say, 250 to 1000 fila- 
ments enters the bath, as can been in for instance Fig* I and IV 
15 of OS 3 440 559. The centre line of said depression coincides with 

the line 'connecting the centre of the spinning unit and the centre 
line of the bath outlet for the filaments. The higher, the. speed of 
the filament bundle, the greater will be the depth and the width 
1 " of* sarid depression. The formation of such a depression will give 
20 * rise to a relatively great average increase in air gap and an 
average decrease in bath depth at the filament bundle. Further, 
x " " there will be differences between the distances covered through 
"'the air' zone and through the bath between the filaments on the 
' outside and in ""the inside of ^the bundle. 

25 ' The invention has for its object to provide a process of the type 
~* v mentioned in the opening paragraph which practically no longer 
* displays' these problems. The process according to the invention is 
characterized in that the filament-bundle, which in all comprises 
at least 100 filaments, divided into two or more separate, spaced 
30 groups is extruded from the spinning unit into the coagulation 

bath. In a favourable embodiment of the process according to the 
invention it is preferred that in the spinning unit the two or 
" more filament groups should be extruded into the coagulation bath 
from "a single spinneret . According to the invention the groups 
35 each comprise at least 50 filaments and are so arranged that of 

adjacent filament groups the smallest distance between the outer- 
most filaments of the one group and the outermost filaments of the 
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other group is at least 10 mm, measured at the spinneret 
According to the invention the filaments can in a simple manner be 
extended via the air gap into the coagulation bath in three to 
eight groups, preferably four to six groups, each group comprising 
100 to 3000 filaments, preferably about 200 to 600 filaments A 
particularly effective embodiment of the process according to the 
invention is characterized in that the extruded filament groups 
are substantially arranged in a discontinuous annular zone con- 
centrical with the centre of the spinneret, each filament group 
comprising 2 to 20, preferably 6-12, practically concentric rows 
of filaments and the distances between the successive rows and 
the centre-to-centre distances of the filaments in the rows are in 
the range of about 0,4 to 1 mm, preferably about 0,5 to 0,8 mm. 
Also in the case of the embodiment according to the invention in 
which the successive filament groups are arranged in a discon- 
tinuous annular zone the smallest distance between the outermost 
filaments of the one group and the outermost filaments of the 
other group is at least about 10 mm, preferably however 15 to 
35 mm, and the discontinuous annular zone in which the filament 
groups are arranged has an inner diameter of 20 to 45 mm, pre- 
ferably about 40 mm, and an outer diameter of 50 to 70 mm, pre- 
ferably about 60 mm. 

A particularly favourable embodiment of the process according to 
the invention is characterized in that in the spinning unit each 
of, the, two or more filament groups is extruded from its own spin- 
neret into one and the same coagulation bath from which they are 
discharged collectively. When according to the invention 2-8 
separate filament groups are collectively extruded then from the 
spinning unit, these filament groups are extruded through 2-8 res- 
pective spinnerets in one and the same spinning unit. It is pre- 
ferred that the filaments of each group should form a sub- 
stantially circular pattern. 

The process according to the invention is also characterized in 
that the bundle extruded from the spinning unit into the coagula- 
tion bath comprises more than 1000, preferably 1500-3000, fila- 
ments. It has been found that by applying the principle according 
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to. .the invention of a plurality of separate filament groups per 
spinning, unit, preferably in combination with the diaphragm system 
for the—discharge of the filament groups from the coagulation 
bath, also a filament bundle comprising said last-mentioned large 
numbers of filaments can be obtained using one spinning unit while 
maintaining the favourable quality level of the yarn. 

Another important characteristic of the process according to the 
invention consists in that said filament groups are extruded into 
an aqueous coagulation bath containing 10-50 per cent by weight of 
sulphuric acid and about .90 to 50% by weight of water • More 
particularly, the sulphuric acid concentration in the bath is 
15-30% by weight, and preferably about 20% by weight. Hitherto the 
skilled man has had the impression that spinning PPDT into a 
coagulation bath having a relatively high sulphuric acid concen- 
tration, 'i.e. higher than about 5% by weight, would lead to a yarn 
with less favourable physical properties . Surprisingly, it has 
been found that by applying the principle according to the inven- 
tion of a plurality of separate filament groups per spinning unit, 
preferably in combination with the diaphragm system for the dis- 
charge of the filament groups from the bath, a yarn with fa- 
vourable properties will be obtained also when use is made of said 
higher sulphuric acid concentration in the bath. This is of im- 
portance partly because*: by ' spinning int o a concentrated bath a 
simpler and more economical way is obtained of recovering and re- 
using -the sulphuric acid. Recovery of : the sulphuric acid is - also 
of great , importance for environmental reasons. For, if instead of 
being recovered the spinning bath is drained into the sewerage 
system, the large quantities of sulphuric acid involved will cause 
great environmental pollution. 

The formation in the bath at a point below the middle of the 
spinneret or in the centre of the entire filament bundle o£ said 
deep funnel-shaped depression is distinctly inhibited by dividing 
the total number of filaments leaving a spinneret into two or more 
groups, which same number of groups or bundles pass through the 
air* gap before entering the coagulation bath. In the process ac- 
cording to the invention the use of, say, two, three, four or more 
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separate groups or bundles is hardly attended with the formation 
of depressions or a lowering of the bath level or only such minor 
lowering thereof in the corresponding two, three, four or more 
places of the bath as will not interfere with the spinning 

; process. Consequently, the increase in air gap and the decrease in 

distance covered through the bath as a result of raising the win- 
ding speed at a value of more than 350 m/min. when applying the 
process according to the invention will be so small that they will 
not have any appreciable effect on the properties of the yarn 

) obtained. Moreover, because of the absence in the process accor- 

ding to the invention of appreciable formation of depressions in 
the bath liquid there will no longer be any differences in the 
distances covered in the air gap and the spinning bath between the 
outermost and the innermost filaments of a filament group. This is 

> of importance considering that the tensile strength of the fila- 

ments decreases with increasing air gap. 

Surprisingly, it has been found that in the process according to 
the invention the filaments will less readily stick together. Also 
as a result of this the physical properties of the yarn will be 
3 improved and a more homogeneous yarn will be obtained. That the 
filaments in the yarn made by the process of the invention will 
hardly stick together is particularly manifest in non-twisted PPDT 
yarns . 

The favourable effects of the process according to the invention 
5 can still be considerably enhanced when the spun filaments are 
discharged from the bath through an outlet opening positioned 
below the liquid surface of the coagulation bath and the process 
is characterized in that the filament groups are separately dis- 
charged from the coagulation bath through their own outlet 
0 openings. When for example four groups of filaments are extruded 
from the spinneret into the coagulation bath via the air gap, 
these four groups are discharged through four respective holes in 
the bottom of the bath. Each of the four holes will, of course, be 
chosen as small as possible, also in view of limiting the amount 
5 of bath liquid leaving the bath through these openings, and will 
therefore always be smaller than a single central discharge 
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opening for all filaments. Use of more than one discharge, opening 
for the filaments in the bottom of the bath also contributes tc 
the absence of appreciable . formation of depressions in the bath 
surface. Also the sticking together of filaments is even further 
reduced as a result of discharging two or more filament groups 
through two or more respective outlet openings in the bottom of 
the bath. 

The filament groups may also be separately passed through a spin- 
ning tube connecting with the bath outlet openings for the fila- 
ment groups? at the outlet, end of the spinning tube the filament 
groups are separately advanced over one .or more yarn guidinc 
elements. 

As mentioned hereinbefore, the number of outlet openings and theii 
position 4 according to the invention play an important role ir 
avoiding said unfavourable formation of depressions in the surface 
of the coagulation bath. 

Further , to air. gap„.spinning PPDT there .is the problem that a con- 
siderable- amount of the bath liquid consisting mainly of water anc? 
. a: minor amount ofe sulphuric acid, will escape from the bath through 
-..the' outlet, .openings for. ;the~. freshly spun: filaments, positioned below 
the surface of the bath, which is particularly dependent on the 
height of the liquid column above the outlet opening. 
.But the ? discharge: of bath liquid: through- the outlet opening is tc 
a .very rlarge extent effected in that . the. liquid is drained off 
along with. and between the. advancing filaments of a bundle via the 
outlet opening- This .means that the amount of liquid entrained out 
of the bath along with the filament bundle will strongly increase 
with increasing winding speed from more than 350m/min and up tc 
3000 m/min. Further, with a view to increasing the production ca- 
• pacity the number of filaments extruded into the bath at each 
spinning position will be increased as much as possible from more 
than 1000 to between 3000 and 10000 filaments, which is another 
cause of a greatly increased amount of liquid being dischargee 
from the bath through the outlet opening. 
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The escape of large amounts of bath liquid through the outlet 

f °! ^ filamentS WiU « •» »*• « necessary for 

bath 1 " St h 6qUally lar » e °f liquid to be re-fed to the 

via Z *° el "» 1 «**«- "°»over, said large stream of liquid 
via the outlet opening „m result ln ^ occurrence * * 

of ..undesirably high flow rates or turbulenoies. 

To diminish the amount of liquid dlsoharged through the outlet 
opening it is possible in principl. to reduce the are! o the oil- 
let opening This has the disadvantage, however, that stringing up 
the filament bundle before re-starting the production process 

fi°o r ulT:nd e t:" er fllament a Particular H i 

auction 1 consuming operation, resulting in loss of pro- 

duction. This solution to the problem is all the more objection- 

strlntln-o ^ ° f W 3PlnnlnS PPDT "laments 1 

stringing up operation is in principle not simple at all because 

emeroL Very SPa " bel °" th ° " 

It has be a9re33iVe s »^** solutions, with a Known process 

it has been proposed before "that stringing up be effected using In 

"Sri^ST 3 SySt6m ' 13 — « - at'aU 

The invention- aims at providing a process of the type indicated in 
the opening paragraph where said last-mentioned drawbacks are 
entirely or partly removed. The process in which the spun PPDT 
filaments are dlsoharged from the bath through an outlet oDenZ 
positioned below the surface of the bath is character! Z «! 

fo°r thl It T lnVentl ° n ^ that ^ "~ «* "«* outlet opsntn, 

aLpted £'T'" the ™- °"h can be 

adapted to the spinning conditions. More particularly « rt i 
outlet opening used during the stringing up Z Is 1 2 
Pletlon thereof reduced in area without iLrruptln" tL lZllZ 

timM . . * g UP 13 5 to 25 times, preferably about 15 

bodiment e \hTpr:: p s: tlon o£ strin ^ - * - 

charactered in^Taft" coition' 0^^^ ^ 
ring the normal spinning process u „ 1o „ " n * in * up, i.e. du- 

ni ng process, U3e is made of an outlet opening 
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whose area is in the range of 100. A to 5000. A, preferably 500. A to 
1500. A, A being the total cross-sectional area in mmz in the wound 
state of the filament bundle discharged through the outlet 
opening. 

The invention also comprises an apparatus for carrying out the 
process according to the invention, which apparatus is essential- 
ly characterized in that the passage provided by the opening or 
openings through which the freshly spun filaments are discharged 
from the bath is adjustable. 

By applying the process according to the invention the spinning 
process can be readily started when the outlet opening for the 
discharge of the filament bundle from the bath is set to its 
highest value. It will then be possible for the relatively large 
number , for example from a few hundred up to a few thousand, of 

- spun filaments to be worked from the bath into the relatively 
large. outlet opening. As soon as the filaments emerge from the 
spinning tube connecting with the outlet opening, they can be 

^ placed on the various guiding and transporting elements and be 
passed through appropriate washing and drying equipment and 
finally wound up. When all filaments are in their proper posi- 
tion, the speed of the filaments as they pass through the appara- 
tus. is : gradually increased to the desired spinning and winding 

.speed during normal operation, while said outlet opening or 
openings for the discharge of the filaments from^the bath is (are) 
very, much reduced in area. As the area of the outlet opening(s) is 
reduced to a minimum, the amount of liquid flowing out of the bath 
will in the process of the invention also be reduced to a minimum. 
Consequently, only relatively little liquid need be fed to the 
bath, so that a constant and steady flow of liquid can be main- 
tained in the bath practically without any attendant undesirable 
turbulences, which is of benefit to the quality of the filaments. 
Since relatively little bath liquid is discharged through the 
small outlet opening, also the formation at the filament bundles 
of a funnel-shaped depression in the bath will be further reduced. 
When the total filament bundle extruded from the spinneret into 
the bath is divided into four groups, it is preferred according to 
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the invention that these groups should each be separately dis- 
charged from the bath through their own outlet openings, the area 
of each of the said outlet openings being greatly reduced upon 
completion of the stringing up operation. The process according 
to the invention also permits a considerable increase in spinning 
speed and winding speed being realized without detracting from the 
quality of the yarn produced. Particularly when applying high 
winding speeds, the process according to the invention offers the 
great advantage that in the event of filament breakage the yarn 
can rapidly and readily be strung up again, so that loss of pro- 
duction and the formation of waste yarn is reduced to a minimum. 

As far as the background of the state of the art is concerned 
reference is made to FR 1 071 888, GB 922 485, FR 703 114 and 
US 2 228 115. They disclose the extrusion from the spinning unit 
of two or more separate groups of filaments of different materials 
for other spinning processes. Unlike the process of. the present 
invention these well-known spinning processes do not relate to 
air-gap spinning, in which the extruded filaments first pass 
through an air zone and subsequently through a spinning bath. In 
other words, the spinning processes according to the above patent 
specifications do not relate to the air-gap spinning process, 
*? hic k is fairly critical for the spinning of poly -par aphenylene 
terephthalamide, particularly as regards the relatively small 
width of the air gap between the underside of the spinneret and 
the surface of the spinning bath of a relatively shallow coa- 
gulation bath. The spinning of two or more separate filament 
groups in the spinning processes according to said four dis- 
closures is therefore not used for solving the PPDT air gap spin- 
ning problem of the undesirable formation of funnel-shaped de- 
pressions in the coagulation bath. 

Reference is also made to Japanese Patent Specification publica- 
tion No 7 019 413, which describes a process for spinning fibres 
from polyacrylonitrile. In that case the spinneret is placed above 
the spinning bath at a distance from it of 1-10 mm and the object 
is to make filaments having an irregularly shaped cross-section, 
to which end the spinneret is provided with a large number, say 
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26, of groups of spinning orifices, each group counting for 
instance two or three orifices. The spinning orifices in each 
group are spaced at intervals of 0,1-0/7 mm, the distance between 
the groups being at least 1 mm* The irregular cross-sectional 
5 shape of "the filaments is to be attributed to the fact that the 

two or three freshly extruded filaments in each group adhere to 
one another. This sticking together of filaments in the same group 
does not occur in the PPDT spinning process of the present inven- 
tion and would lead to a qualitatively unacceptable product. The 

10 spinning process of said Japanese patent specification therefore 

greatly differs from the spinning process of the present inven- 
tion. The envisaged effect of said Japanese patent specification, 
viz. sticking together of filaments, might prejudice a skilled man 
against applying the well-known process or at least a variant 

15 thereof, in the air gap spinning of PPDT. 

The invention will be further described with reference to the 
accompanying schematic drawing. 

Figure 1 is a schematic representation of a PPDT spinning process. 
Figure 2 is a view of a spinning unit comprising one spinneret for 
20 ~ four* filament groups to be used in carrying out the process of the 
invention. 

Figure 3 shows one spinneret for spinning six groups of fila- 
ments. 

Figure 4 is a view in perspective of an embodiment of a spinning 
25 . tube. " 

Figures 5-14 show an embodiment for the adjustable outlet openings 

through which the filaments are discharged from the spinning bath. 

Figure 15 is a view of a spinning unit with a spinneret for each 

of the four groups of filaments. 
30 Figure 16 is a view partly in cross-section along the line XVl-xvi 

in Figure 15. 

Figure 17 shows a spinning unit with a spinneret for each of two 
groups of filaments. 

Figure 18 shows a spinning unit with a spinneret for each of six 
35 groups of filaments. 
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Figures 19-22 are cross-sectional views and side elevations of a 
spinning unit according to the invention with which experiments 
were carried out. 

Figures 23 and 24 are a cross-sectional view and a side elevation 
of a prior art spinning unit with which a comparative experiment 
was carried out. 

Figures 25 and 26 are also views of a spinning unit according to 
the invention. 

In Figures 20, 22, 24 and 26 the hatched parts each correspond to 
a filament group. 

In Figure l a spinning unit 1, which is fixed in a frame (not 
shown), is positioned over a coagulation bath 2. To the spinning 
unit 1 the solution to be spun is fed by a feed pump 60 in the 
direction indicated by arrow 3. The spinning unit 1 is provided 
with a spinning assembly (not shown) comprising one or more fil- 
ters and at its underside a spinneret 4, which is represented on 
an enlarged scale in Figure 2. 

The coagulation bath 2 is provided with an inlet 5 to which a bath 
liquid mainly consisting of water is fed in the direction in- 
dicated by arrow 6. The liquid in the bath 2 is continuously kept 
at the same level 7 by feeding more bath liquid through the inlet 
5 than is necessary. The surplus bath liquid is discharged into a 
space bounded by a jacket 9 through overflow openings 8 provided 
in the wail of the bath at level 7. The jacket 9 is provided with 
an. outlet 10 for discharging the liquid in the direction indicated 
by arrow 11. 

The filament groups, numbering four in Fig. 1 and 2, extruded from 
a spinneret 4 in the form of an annular plate, are referred to by 
the numeral 12. Near the bottom 13 in the bath 2 is a spinning 
tube 14, which is provided with an assembled lid 15 with four per- 
manent openings 16 (see Fig. 4) for allowing the passage of four 
groups 12 of spun filaments. The vertical distance between the 
underside of the spinneret 4 and the upper side of the spinning 
tube is divided into two zones which are very essential to the 
spinning process, viz. the air gap and the liquid column above the 
spinning tube, of which the heights are referred to by 55 and 56, 
respectively, and which in actual practice have a width of about 
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2,5 to 25 mm and 15 to 40 mm, respectively. The spinning tube 14 
is divided into four channels 18 by means of crossing partitions 
17, so that each filament group 12 runs into the spinning tube 14 
through its own channel* In the spinning tube the filament groups 
5 12 move downwards along with some amount of entrained bath liquid 

in the direction indicated by the arrow 19, The lower part of the 
spinning tube 14 is left out in Figure 1. Below the spinning tube 
14 are four yarn guiding elements 20, over which each of the fila- 
ment groups is passed and after being combined, if required, 
10 passed to schematically indicated washing equipment 21 and subse- 

quently to a drier 22. Finally, the yarn is wound into a package 
23. 

Figures 5 to 14 inclusive are detached views of an embodiment ac- 
cording to the invention of the lid 15 of the spinning tube. 
15 Figures 5 and 6 are respectively a plan view and a cross-sectional 

view along the line VI-VI of the plastics upper plate 24 of the 
lid 15. 

Figures 7 and 8 are a plan view and a cross-sectional view along 
the line VIII-VIII, respectively, of the plastics lower plate 25 

20 of the lid 15. The upper plate 24 and the lower plate 25 (Fig. 7) 

are so fitted in the lid 15 that the four relatively large outlet 
openings 2 6 and 27, respectively, for the filament groups 12 are 
in line with each other. The plates 24 and 25 are rigidly attached 
to each other by means of screws provided* in the holes 28 and 29, 

25 respectively. Between the upper plate 24 and the lower plate 25 

are two thin, metal diaphragm plates 30 and 31, which are shown in 
Figures 9-14. The diaphragm plates 30 and 31 are provided with 
central holes 32 and 33, respectively, as a result of which they 
can be turned through a limited angle on a central stud 34 of the 

30 upper plate 24. To make the angular displacements in the direc- 

tions indicated by the arrows 35, 36, 37 and 38 the diaphragm 
plates 30 and 31 are provided with a lug 39 and 40, respectively. 
As appears especially from Fig. 9, 10, 12 and 13, the two dia- 
phragm plates 30 and 31 each also have four relatively large 

35 passages 41 and 42, respectively. Each of the large passages 41 

and 4 2 in the diaphragm plates 3 0 and 31 is provided at one end 
with a semi-circular extension 43 and 44, respectively. 
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Figure 11 and Figure 14 are plan views of the complete lid 15 of 
the spinning tube 14, the lid being made up of the upper plate 24, 
the lower plate 25 with between them the two rotatably mounted 
diaphragm plates 30 and 31, as far as visible. 

Figure 11 shows the situation in which the diaphragm plates 30 and 
31 are so rotated relative to each other and relative to the upper 
plate 24 and the lower plate 2 5 that the relatively large openings 
26 permit the completely free passage of the four freshly spun 
filament groups 12 during stringing up. Operating rods (not shown) 
attached to the lugs 39, 40 of the diaphragm plates 30 and 31, 
respectively, may be used to turn the diaphragm plates 30 and 31 
through an angle of a few dozen degrees on the stud 34 in the 
directions indicated by the arrows 35 and 37, respectively. This 
angular displacement of the diaphragm plates 30, 31 results in the 
situation shown in Figure 14, in which for the passage of the four 
filament groups 12 only the relatively small openings 45 are left. 
The openings 45 are each formed by the nose-shaped extensions 43 
and 4 4 of the large openings 41 and 42, respectively, in the dia- 
phragm plates 30, 31. The latter position of the diaphragm plates 
, Wlth ._ t _ he relativel y sma H passage 45 for the four filament groups 
will" prevail during normal operation of the spinning process, 
i.e. upon completion of stringing up. 

For further illustration the diaphragm plates 30 and 31 in their 
stringing up position in Figure 11 are separately shown in Figures 
9 and 10, respectively. The diaphragm plates 30 and 31 in their 
normal spinning position of Figure 14 are also separately shown in 
Figures 12 and 13, respectively. 

As mentioned hereinbefore, the embodiments shown in Figures 1 to 
14 of an apparatus for carrying out the process according to the 
invention are destined for extruding from the spinneret 4 a number 
of spaced, separate filament groups 12. The disposition of the 
four filament groups 12 can be derived particularly from the in- 
verted plan view shown in Figure 2. Figure 2 shows that the four 
filament groups 12 are extruded through four corresponding groups 
of orifices 46 which are arranged in a discontinuous annular zone 
around the centre 47 of the plate-shaped spinneret 4. The entire 
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spinneret 4 contains 2004 orifices measuring, for example, 
0,06 5 mm in diameter, which are arranged in 13 concentric rows 48 
which are spaced, in radial direction, at intervals of 0,5 mm. 
The 13 rows of orifices therefore take up a total radial width of 
5 12 x 0,5 = 6 mm. The innermost rows of orifices are positioned on 

a circle 4 4 mm in diameter and the outermost rows of orifices are 
on a circle 56 mm in diameter. In the innermost rows the orifices 
are positioned at centres of over 0,50 mm and in the outermost 
rows at centres of over 0,65 mm. The total bundle of 2004 fila- 
10 ments is extruded from the spinneret into the spinning bath in 
four separate spaced groups of 501 filaments each. In view of 
pressure resistance a field of spinning orifices 46 (Fig. 2) will 
generally not be wider in radial direction than 15 mm, preferably 
not more than 6-10 mm. 



15 In this ' embodiment the length of the large passages during 

stringing up was about 17 mm and the width about 10 mm. In normal 
spinning operation (Fig. 14) the passages were practically cir- 
cular and had a diameter of about 4 mm. 

In the embodiment shown in Figures 1 and 2 with four filaments 
20 groups 46 each consisting of 501 filaments the smallest distance 

between the outermost filaments of adjacent filament groups is 
referred to by the numeral 49. In reality said smallest distance 
is about 17 mm, measured at the spinneret, with a spinneret of the 
above dimensions and arrangement of orifice patterns. In the zone 
25 with the spinning orifices the spinneret shown in Figure 2 may 

have an outwardly curved surface. 

Figures 15 and 16 show a somewhat varied embodiment of the spin- 
ning unit according to the invention, corresponding parts being 
referred to by like numerals. Instead of the four fields of spin- 
30 ning orifices 46 drawn in the single, annular spinneret 4 of 

Figure 2 the spinning unit 1 shown in Figures 15 and 16 contains 
four separate, small spinning jets 57. 

If with this spinning unit also a filament bundle with in all 2004 
filaments are to be made, then each small spinning jet 57 should 
35 be provided with 501 orifices. From each spinning jet 57 a group 
of 501 filaments can be spun then. The four filament groups 12 are 
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each extruded then from their own spinning unit 57 and pass, via 
the air gap 55, into the coagulation bath 2. The resulting four 
filament groups 12 can be collectively discharged through a spin- 
ning tube (not shown in Fig. 16) and aftertreated in the same way 
as described hereinbefore for the four filament groups 12 which 
are extruded through the large annular spinneret 4 with four 
fields of spinning orifices 46. As a result of the division of the 
total filament bundle into four groups there will be no formation 
either of a deep funnel-shaped depression in the bath surface when 
use is made of the apparatus according to Fig. 15 and 16. 
At a high speed and a relatively large number of filaments per 
group there will be only a relatively small lowering of the bath 
level 7 at the point where each of the four filament groups 12 
enters the bath. This lowering of the bath level in places may, of 
course, be reduced, by using more filament groups with fewer fila- 
ments per group. 

Figure 3 shows a plate-shaped spinneret 4 which somewhat differs 
from the one in Fig. 2, corresponding parts being referred to by 
like numerals. The spinneret 4 according to Figure 3 contains 6 
. or .ifice groups 46, which are arranged in a discontinuous annular 
zone around the centre 47. The distance between the adjacent 
groups is again referred to by the numeral 49. if a bundle of in 
all, say, 1998 filaments is to be made , each orifice group 46 
should be made of 333 spinning orifices. The six filament groups 
12 will be extruded into the coagulatioa bath 2 via the air gap 
55. ' 

Figures 17 and 18 show a few variant embodiments which are mainly 
of - the type shown in Figures 15 and 16. in Figures 17 and 18 cor- 
responding parts are again referred to by like numerals. The em- 
bodiment shown in Figure 17 differs from the one in Figure 15 in 
that only two separate, small spinning jets are contained in the 
spinning unit 1. The embodiment according to Figure 18 differs 
from the embodiment shown in. 15 in that six. separate, small spin- 
ning jets 57 are contained in the spinning unit 1. 

The invention will be further described in the following examples. 
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Preparation of the polyamlde 

Poly-p-phenylene terephthalamide is prepared from p-phenylene dia- 
mine and terephthaloyl dichloride. As reaction medium a mixture of 
. N-methyl-pyrrolidone and calcium chloride is used. The prepara- 
5 tion is effected in the same way as described in Example VI of 

Netherlands Patent Application 7 502 060, but on a larger scale. 
Coagulation of the resulting polymer is effected by adding to the 
reaction mixture, with vigorous stirring, 10 kg of water per kg of 
polymer formed. 

) The resulting polymer suspension is filtered off, washed, and 

dried at 120 °C. A powdered product is obtained having a maximum 
particle size of 0,1 mm. 

The inherent viscosity of the resulting poly-p-phenylene 
terephthalamide is 5,3 dl per gramme. 

Manufacture of the filaments 

Liquid sulphuric acid of a concentration of 99,8% by weight is 
applied to the surface of a rotating roll which is internally 
cooled to -10°C with brine. On the roll surface a thin layer of 
) solid sulphuric acid is formed. This layer is scraped off in the 

form of flakes. The solid sulphuric acid is transferred to a screw 
mixer provided with a cooling device, in which mixer the tempera- 
ture is kept at a value about 1Q°C below the solidifying point of 
the sulphuric acid. Subsequently, the poly-p-phenylene terephthal- 
r amide prepared in the above-described way is added to the solid 
sulphuric acid in an amount of 1 kg of polymer per 4,25 kg of 
solid sulphuric acid. This corresponds to 19% by weight of poly-p- 
phenylene terephthalamide, calculated on the total weight of 
sulphuric acid and polyamide together. Pblyamide and solid sul- 
phuric acid are thoroughly mixed for 30 minutes to form a homo- 
geneous, solid, powdered mixture. In the mixing operation the 
temperature is kept at about 10°C below the solidifying point of 
the sulphuric acid. With continued mixing the temperature of the 
mixture is allowed to rise to above the solidifying point of the 
sulphuric acid. In this way a granular, homogeneous mixture is 
obtained, which is subsequently deairated and heated to spinning 
temperature in a single screw extruder. This process is known and 
described, among other places, in Example I of Netherlands Patent 
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Application 7 904 495 (European Patent No 021 484). The tempera- 
ture in the extruder is kept at 93 °c. The total residence time of 
the liquid spinning mass at 93 °C up to its being spun is about 20 
minutes. From the extruder the liquid spinning mass is via a fil- 
ter and a spinning pump pumped to a spinneret 4 of. the type in- 
dicated in Figure 2. The spinneret 4 is provided with in all 1000 
spinning orifices each measuring 60 nm in diameter and divided 
into four groups 46 of 250 orifices each. The spinning mass leaves 
the spinning orifices and subsequently passes through an air gap 
55 measuring 8 mm in height, after which it is passed into a coa- 
gulation bath 2 of a 5% by weight-aqueous solution of sulphuric 
acid of about 10°c. The resulting filaments are successively 
thoroughly washed with. a dilute NaOH solution and water, dried in 
a drum heated to 120°C and wound up at a speed of 350 m/min. 

The resulting filaments have been made by two different methods A 
and B according to the invention. 

in the case of method A all 1000 filaments divided into four 
groups of 250 emerging from the spinning unit are discharged from 
the spinning bath through a single outlet opening 22,7 mm in dia- 
meter and, hence, measuring 405 mm* in area. The filaments are 
discharged through the spinning tube, attached to the bottom of the 
coagulation bath. 

In the case of method B all. 1000 filaments divided into four 
groups of 250 emerging from the spinning unit are discharged from 
the spinning bath through four outlet openings each measuring 
12 mm in diameter and, hence, 452 w in area. The filaments are 
discharged through the spinning tube attached to the bottom of the 
coagulation bath. 

The table below gives the additional test conditions and the yarn 
properties obtained with the methods A and B. 
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yield of 
spinning 
mass 
in kg/h 


r\ 

inh 
PPDT 


linear 
density in 
dtex/number 
of filaments 


tenacity 
mN/tex 


elong. 
at 

rupture 


LASE 

1% 

N 


Method A 
1 outlet 
opening 


17,5 


5,3 


1759/f 1000 


1814 


3,42 


78 


Method B 
4 outlet 
openings 


17,5 


5,3 


1748/f 1000 


1842 


3,28 


88 



As appears from the table, the methods A and B according to the 
invention both result in yarns with good properties. The proper- 
ties of the yarns obtained by method B are somewhat better, which 
was to be expected because of the more favourable discharge of the 
spun filaments through four outlet openings in the bath. 



Experiments have also been made using the methods C and D accord- 
ing to the invention in order to find out the influence of adjust- 
able and non-adjustable outlet openings for the discharge of the 
filament groups from the bath. Both with method C and method D 
1000 filaments divided into 4 groups of 250 are extruded from a 
single annular spinneret into the coagulation bath. With both 
methods the discharge of the four filament groups from the bath is 
through four respective openings in the lid of the spinning tube. 
And with both method C and method D the total filament bundle was 
wound up at a speed of 300 m/min. With method C each of the four 
discharge openings has a constant area of 50 mm2 in a plate with a 
thickness of 2 mm. With method D the area of each of the four out- 
let openings is variable with the aid of diaphragm plates 30, 31 
(see Fig. 9-14). With method D each outlet opening measured 
2 00 mm2 during stringing up, upon completion of which the area of 
each of the outlet openings was reduced to 25,5 mmz. 
The table below gives the additional test conditions and the yarn 
properties obtained with the methods C and D. 
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n 

inh. 
kg/h 


total amount of 
bath liquid dis- 
charged through 
the 4 openings 
upon completion 
of stringing up 


linear 
density in 
dtex/number 
of filaments 


tenacity 
raN/tex 


elong. 
at 

rupture 


LASE 

1% 

N 


strin- 
ging 


Method C 
constant 
outlet 
opening 
50 mm 2 


5,3 


1606 


1747/f 1000 


1892 


3,18 


95 


diffi- 
cult 


Method D 
adjustable 
outlet 
200-25,5 mra: 
per outlet 


5,3 


1060 


1728/f 1000 


1930 


3,32 
— _ 


87,5 


very 
easy 



Upon comparison of the physical properties of the yarns obtained 
by the methods c and D it appears that they do not show great 
differences. A great advantage to method D is that stringing up 
is very easy and the amount of bath liquid discharged through the 
outlet openings and hence to be recirculated is much lower than 
in the case of method c. 



Following is a description of a few experiments in which the 
filament bundles were divided into groups and use was made of a 
variable outlet opening in the coagulation bath (so-called dia- 
phragm system), which arrangements resulted in considerable im- 
provements under, various conditions. The experiments may be cate- 
gorized" as follows: 

1. comparison of yarn properties of filament bundles that were 
divided and that were not divided into groups; 
Improvement of yarn properties upon increasing the number of 
filaments; 

improvement of yarn properties by using a spinning bath with 
a high sulphuric acid content. 
Each of these points will hereinafter be considered in detail. 
All the experiments were carried out on a special experimental 
machine. The spinning solutions were prepared by the so-called 
ice method (US 4 320 081), i„ which sulphuric acid is cooled to 
below the melting point on a rotating drum. To the solid sul- 



2. 



3. 
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phuric acid scraped off PPDT is added, after which the two solid 
substances are thoroughly mixed. The molten sulphuric acid is ab- 
sorbed by the polymer powder, as a result of which a sandy 
(solid) spinning mass is formed. The spinning mass is melted in a 
60 mm single-screw extruder and filtered. The resulting aniso- 
tropic spinning mass is forwarded to the spinning unit by means 
of a spinning pump. After passage through an air zone coagulation 
takes place in a water bath provided with several variable or 
non-variable outlet openings. After the coagulation bath the yarn 
bundle is first washed with water (about 15°C) and subsequently 
neutralized in a 1%-NaOH solution (about 80°c) and after-washed 
with hot water (90°C). Then the yarn is dried and wound up. 

1 Comparing the yarn properties of divided and non-divided fila- 
ment bundles 

These experiments were carried out at a winding speed of 
300 m/min and using a spinning solution containing 19,6% ppdt in 
sulphuric acid (99,8%). 

The relative viscosity of the polymer in sulphuric acid (96%, 
25 °C) was n rel q,25% = 4,58 which corresponds to an inherent vis- 
cosity ninh 0,5% = 5 * 5 * In this spinning experiments use was made 
of a spinning unit with several spinnerets which are represented 
in Pig. 19-26. 

Fig. 19,20: ring spinneret (40/20 mm) with 4 fields of orifices 
(Experiment Codes PS 162/00,01,02). 

Fig, 21,22: 4 x 20 mm hat-shaped spinnerets (Experiment Codes 
162/03,04). 

Fig. 23,24: 40 mm hat-shaped, one-field spinneret (Experiment 
Codes: 162/05,06). 

The zones hatched in Fig. 20,22 and 24 are provided with spinning 
orifices through which the filaments are extruded. 
Table 1 gives the spinning conditions and the yarn properties. 
From the data listed in it it appears that: 

- a diaphragm system has a favourable effect on the yarn 
strength; 

- the use of a 4 hat-shaped-spinneret has a more favourable 
effect on the strength than the ring spinneret; 
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-^spinning from a one-field hat-shaped-spinneret gives a lower 
strength, in which case a rather considerable spread in the 
yarn strength can be noticed, it was also found that stringing 
up (spinning in) is not possible in the case of a permanent 
passage way 12 mm in diameter. The 40 mm one-field spinneret 
was. bent outward as a result of the polymer pressure, which 
did not happen in the case of the other spinnerets. 
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2 Improvement of the yarn properties when spinning 2000 
filaments per spinning unit 

On the spinning machine used in the experiment the maximum number 
of filaments spun per spinning unit is 1000 (4 bundles of 250 
5 filaments), when this number is increased, the strength of the 

yarn is considerably reduced. For a fair comparison the strength 
was always determined on a bundle of 1000 filaments (viz. dtex 
1680 f 1000). The decrease in strength is illustrated in Table 2, 
which shows that doubling the number from 1000 to 2000 filaments 

10 per spinning unit leads to a loss of strength of 150-200 mN/tex 
(Compare PS 13606 with 13601 and PS 15500 with 15501). The 
results in Table 2 also show that with 2000 filaments the same 
strength level can be attained as with 1000 filaments, when the 
dlaphragmsystem according to the invention is used (see codes PS 

15 15502 and 15503). 

A strength level of 2034 mN/tex (measured on a dtex 1680 f 1000 
bundle) in the case of 2000 filaments per spinning, unit must be 
considered a favourable result. 
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^ — Improvement of ya rn properties by using a spinning bath with a 
high sulphuric acid content ~ 

Up to now use has been made of a spinning bath with a low sul- 
phuric acid content (sulphuric acid concentration below 5% by 
weight). Using a spinning bath containing 20% sulphuric acid will 
result in a decrease in strength of about 5%, which corresponds 
to a loss of strength of 100 mN/tex. From the series of experi- 
ments in Table 3 it appears that according to the invention the 
use of several filament groups and the so-called diaphragm system 
permits recovering part of this strength loss (see Exp. code PS 
16107) also when use is made of a more highly concentrated spin- 
ning bath (15,3% by weight of H 2 SO.»). This result, namely spin- 
ning into a more concentrated spinning bath without loss of 
strength, must be considered particularly favourable, especially 
in that it makes it possible to make a more economical use of- 
sulphuric acid, which is also desirable for reasons of environ- 
mental protection. Moreover, for evaporating, the spinning bath 
it is of great importance to have a concentrated bath. As appears 
from Table 3, the loss of strength can be limited. Even higher 
concentrated spinning baths, viz. containing more than 15% by 
weight of H 2 S0u, more particularly 21% by weight of HzSO*, make 
it possible to attain high yarn strengths by using two or more 
filament groups per spinning unit in combination with said dia- 
phragm system according to the invention. 
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The tenacity, the elongation at rupture and the LASE of the yar 
were measured in accordance with BISFA standards on a bundle 
yarn made up of single filaments, use being made of an instn 
tensile tester (instron Engineering corp., canton, Massachusetts 
U.S.A.). The yarns are previously twisted to 90 t/m. Prior to a" 
the measurements the yarns are conditioned for 16 hours at' 
temperature of 20«c and a relative humidity of 65%. The measur, 
ments are carried out in an identically conditioned room. K 
tensile tests are carried out five fold on samples having a gauc 
length of 50 cm and at a. constant tensile rate of 5 cm/min. 

The linear density of the yarn is determined by weighing a par 
txcular length of sample (100 cm under a tension of 0,2 cN/dtex* 
LASA stands for "Load at Specified Elongation". The 1% LASE is' 
force acting in the yarn at an elongation of 1%. 

When a ppdt filament yarn is spun by a conventional method, i e 
when for instance a bundle of in all 1000 filaments is extrude 
from a spinneret into the coagulation bath, i.e. without bein 
divided into two or more filament groups and without a filament 
free zone in the centre, a fairly deep funnel-shaped depressior 
will form at the centre of the filament bundle, as a result o 
which the properties of the yarn are detrimentally affected. 

It should be added that the inherent viscosity n inh of the poly- 
P-Phenylene terephthalamide is defined by the formula 

lntirei 
Unh = — 



0,5 



where , x is the ratio of the #£flux timeg Qf & ^ 

,> g of poly-p-phenylene terephthalamide in 100 ml of 96% b« 
weight-sulphuric acid and the pure solvent measured in \ 
grale ViSC ° meter at 25 ° C ' ™* of n inh is decilitres per 
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Within the scope of the invention various modifications may be 
made. It should be noted that the process according to the in- 
vention can be applied both to the manufacture of a filament yarn 
and staple fibres. In the manufacture of staple fibres the fila- 
ments, before or after being washed or dried, are cut into fibres 
of a particularly desired length, which fibres are then collected 
in the usual manner. 
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Claims 

1. A process for the manufacture of filaments of aromatic par. 
polyamides, such as poly-parapheny lene ter ephthalamide 
polyparabenzamide or poly-4 , 4 1 -diaminobenzanilide terepl 
thalamide by spinning a spinning mass consisting of a mi: 
ture of concentrated sulphuric acid and, calculated on t: 
weight of the mixture at least 16% of the polymer with « 
inherent viscosity of at least 3,5, the spinning mass beir 
extruded downwardly into a coagulation bath from a spinnir 
unit provided with spinning orifices, of which spinning un. 
the outflow side is positioned in a gaseous, inert mediurr 
such as air, and at a short vertical distance, of, say, 2 
to 25 mm, from the liquid surface of the coagulation bat. 
and the filaments are withdrawn from the coagulation ba- 
followed by subjecting them to a few af tertreatments such 
washing, drying and/or winding, characterized in that t: 
filament bundle, which in all comprises at least 100 file 
ments, divided into two or more separate, spaced groups 
extruded from the spinning unit into the coagulation bath, 

2. A process according to claim 1, characterized in that in t; 
spinning unit the two or more filament groups are extrude 
into the coagulation , bath from a single spinneret* 

3. A process according to claim 2, characterized in that r 
adjacent filament groups the smallest distance between tr 
outermost filaments of the one group and the outermo£ 
filaments of the other group is at least 10 mm, measured i 
the spinneret. 

4. A process according to claim 1, characterized in that tl 
filaments are extruded from the spinning unit into tl* 
coagulation bath in 3 to 8. groups, preferably 4-6 groups, 

5. A process according to one or more of the preceding clainr 
characterized in that each group comprises at least : 
filaments. 
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6. A process according to claim 5, characterized in that each 
group comprises 100 to 3000 filaments. 

7. A process according to claim 3-6, characterized in that 
after leaving the spinneret and upon reaching the bath sur- 
face the extruded filament groups are substantially arranged 
in a discontinuous annular zone concentrical with the centre 
of the spinneret, 

8. A process according to claim 7, characterized in that each 
filament group comprises 2 to 30 practically concentric rows 
of filaments and that measured at the spinneret the 
distances between the successive rows and the centre-to- 
centre distance of the filaments in the rows are in the 
range of about 0,3 to 1,0 mm. 

9. A process according to claim 7 or 8, characterized in that 
measured at the spinneret, the discontinuous annular zone in 
which the filament groups are arranged has an inner diameter 
of at least 20 mm. 

10. A process according to claim 1, characterized in that in the 
spinning unit the two or more filament groups are each 
extruded from their own spinneret into one and the same 
coagulation bath from which they are collectively dis- 
charged. 

11. A process according to claim 10, characterized in that in 
the spinning unit 2 to 8 separate filament groups are each 
spun from their own spinneret into one and the same spinning 
bath. 

12. A process according to claim 10, characterized in that du- 
ring extrusion the filaments in each group form a sub- 
stantially circular pattern. 
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A process according to claim 1, characterized in that t! 
bundle extruded from the spinning unit into the coagulati, 
bath comprises more than 1000 filaments, preferably 150< 
3000 filaments. 

A process according to claim 13, characterized in that tr 
bundle extruded from the spinning unit into the coagulatic 
bath comprises not more than 30 000 filaments. 

A process according to claim 1, characterized in that th 
filament groups are extruded into an aqueous coagulatic 
bath which contains 10-50% by weight of sulphuric acid an 
approximately 90 to 50% by weight of water. 

A process according to claim 15, characterized in that th 
coagulation bath contains 15-30% by weight of sulphur: 
acid, preferably about 20% by weight of sulphuric acid. 

A process according to one or more of the preceding claims 
in which the spun filaments are discharged from the bat 
through an outlet opening positioned below the liquid sur 
face of the coagulation bath, characterized in that th 
filament groups are separately discharged from the co& 
gulation bath, each through its own outlet opening. 

A process according to one or more of the claims 1-17, i 
which the spun filaments are discharged from the bat 
through an outlet opening positioned below the liqui 
surface of the coagulation bath, characterized in that th 
area of each outlet opening for the discharge of the file 
ments from the spinning bath can be adapted to the spinnir 
conditions without interrupting the spinning process. 

A process according to claim 18, characterized in that th 
relatively large area of the outlet opening during stringir 
up can be reduced to a smaller area upon completion of th 
stringing up operation without interrupting the spinnir 
process. 
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20. A process according to claim 19, characterized in that 
during stringing up use is made of an outlet opening whose 
area is 5 to 25 times, preferably about 15 times as large as 
that upon completion of stringing up. 

21. A process according to one or more of the claims 18-20, 
characterized in that upon completion of stringing up use is 
made of an outlet opening whose area is in the range of 
100. A to 5000. A, preferably about 500. A to 1500. A, A being 
the total cross-sectional area in mm* of the filament bundle 
in the Wound up, dried state. 

22. A process according to one or more of the preceding claims, 
characterized, in that the winding speed amounts more than 
350 m/minute. 
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fig.15 
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fig.19 
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fig.21 
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fig. 25 
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